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ABSTRACT 
The Identification of Telomerase in Dog. (April 2000) 
Anna Lyuksyutova 
Department of Biology 
Texas A&M Univeristy 
Fellows Advisor: Dr. Dorothy Shippen 
Department of Biochemistyr and Biophysics 
In recent years the enzyme telomerase has been found to be very active in human cancer cells but 
not in normal cells in the body. This discovery is predictable as telomerase is responsible for 
maintenance of the telomeres in a cell. It prevents the telomeres from diminishing during replication 
and ensures immortality to the cancerous cell. As the result, telomerase can be used as an 
identification test for malignant tissues. In humans, even though important, there are may other 
ways to determine if the tumour is malignant or benign. In animals, however, the alternative 
diagnostic methods are very expensive. Pet owners often decide against medical treatment and put 
the animal to sleep, even though in some cases the tumour itself is benign and not life threatening. 
The main goal of this project is to identify whether or not the telomerase plays the same role in dogs 
as it does in humans and whether an increase in telomerase activity is observed in dog cancers. 
The goal of this project is to propose an inexpensive and simple test for the presence of dog 
telomerase in tissues. This test will allow veterinarians to differentiate between benign and 
malignant tumours, making the diagnostic of the disease in dogs easier and less expensive. 
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INTRODUCTION 
Telomerase is the enzyme responsible for replication of short repeats found on the ends of all 
eukaryotic chromosomes - the telomeres. One of the first observers of telomeres was Barbara 
McClintock, who discovered that these structures were necessary to prevent chromosomes from 
breaking and sticking to each other in maize [1]. Still, telomeres are nothing more then long 
stretches of repetitive DNA, which do not carry any genetic information. Nevertheless the tips of the 
chromosomes play a very significant role in cell well-being [2]. 
In the 197tys James Watson pointed out a problem associated with DNA replication [1]. When the 
polymerase reached the end of the DNA strand, a short stretch of the lagging daughter strand would 
be lost, reducing one of the replicated chromosomes in size. If this happened with each replication, 
soon the chromosomes in a cell's progeny would disappear completely. This of course was not the 
case, as life must have found a way to restore the shrinking telomeres. In fact it was observed that 
in dividing cells chromosome telomeres were dynamic structures and could diminish or grow in size. 
Finally, an enzyme that was responsible for the restoration of the telomeres was identified — the 
telomerase [3]. First found in a ciliate, the telomerase was also discovered in many other species, 
in a highly conserved form. Recently, high telomerase activity had been identified in human tumors, 
which opened a new venue for the possible practical usage of this enzyme in human medicine [4] 
A telomerase test for malignancies in human patients will be just one more way to diagnose cancer. 
Other methods of identification are available to medicine right now and are being used with much 
success. In animals, however, the alternative diagnostic methods are very expensive. For this 
reason pet owners often decide against medical treatment and put the animal to sleep, even though 
in some cases the tumour itself is benign and not life threatening. That is why new, inexpensive 
This thesis follows the style and format of Science 
diagnostic methods are necessary for veterinary patients [5]. Testing for telomerase could be a 
good alternative to computed tomography, which is usually unavailable or prohibitively expensive 
for diagnosis of veterinary patients. 
Telomerase is also an important target for various chemotherapeutic drugs. To be able to use 
telomerase effectively for diagnosis or treatment it is essential to identify and study the subunits of 
this protein. 
Telomerase consists of two subunits - the protein subunit which performs the polymerase activity, 
and the RNA subunit which serves as a template. The human telomerase RNA subunits and the 
telomerase RNA subunits of several other organisms have been identified and sequenced [6]. My 
main objective was to use the known stretch of the telomerase RNA subunit to obtain the complete 
sequence of the canine telomerase RNA (cTR) and to analyse telomerase activity and expression 
of cTR in canine tissue samples (see Fig. 1 b). For this experiment a Northern blot of the appropriate 
tissue will be made, with the identified canine telomerase RNA subunit as the probe. The sequence 
of c TR can also be use for phylogenetic analysis to determine how far is the gene conserved among 
mammals. 
The main goals of my research project were the isolation and sequencing of canine template RNA 
subunit (c TR) gene and comparison of the expression of the cTR and telomerase activity in different 
tissues. Another objective was to compare the expression of cTR and telomerase activity between 
malignant and benign samples of dog tissues. 
MATERIALS AND METHODS 
Southern Blot: 
20ng of pUC19 cTR DNA were digested with various restriction enzymes and run out on a 0. 6'%%d 
agarose gel. The gel was washed in denaturing buffer for 20 min and for 30 min in neutralizing 
buffer The gel was soaked in 2x SSC and left to blot overnight onto nylon membrane. Next the DNA 
on the membrane was x-linked twice to ensure it would not be washed away during hybridization. 
Radioactive probe for the hybridization reaction was prepared by PCR reaction (see Fig 4) using 
a-P"-dGTP. 20 ul of the probe were boiled 3 min, then iced quickly and added to 50 ul of prehybe 
bulfer (12. 5ml 1M Na, HP04, 0. 1ml 0. 5 M EDTA, 0. 5g BSA, 17. 5 ml 20'%%d SDS, 19. 9 ml H, O). 
Southern blot membrane was prehybridized for -2. 5 hrs at 65'C in 100ml prehybe buffer. The 
prehybe buffer was discarded and the probe-containing buffer was added to the membrane, which 
was then hybridized overnight at 65'C. After hybridization was complete the probe was washed in 
2xSSC at 65'C for 20 min, in 2xSSC + 1'%%dSDS at 65'C for 20 min and 1xSSC + 1'/oSDS at 65'C for 
20 min to overnight. The membrane was wrapped in plastic wrap and exposed to photographic film 
using intensifying screens for overnight. 
Fast Link DNA Li ation kit E icentre If LK6305 
The digested and gel-purified plasmid DNA suspected to contain cTR was mixed with opened 
pUC19 vector and other necessary components for a ligation reaction according to the Fast Link 
protocol. The reaction was incubated for 15 minutes at room temperature. After the incubation the 
ligase heat deactivated at 70'C for 15 min and then transformed into competent E. coli cells. 
Clonin of lasmid vectors Prome a Protocols and A lications Guide 1996 46 
10ng of DNA were added to 200ul of competent cells and gently mixed. The reaction was incubated 
on ice for 30 min, then heat shocked at 42'C for 60 sec and placed on ice for 2 min. The 
transformed bacteria were transferred to 3 ml of warm LB media(37'C) and incubate for 45 min at 
37'C with shaking at -150rpm. 50-100 of the transformation mix plated on LB agar selection plates, 
which contained 40ug/ml X-Gal, 0. 1mM IPTG and 100ug/ml ampicillin. The white colonies were 
picked and grown overnight in 3ml LB media at 37'0, then the DNA was isolated using the miniprep 
technique with Qiagen QIAprep Spin Miniprep Kit (Qiagen, ¹27104). The isolated clone's DNA was 
screened by PCR and restriction digest with EcoRI for the presence of the cTR gene (see Fig. 5 and 
Fig. 6). 
Bi D ee Se uencin ABI PE-ABI¹4303150. 
30 pmoles of primer, 400ng template DNA, Bul of BigDyee mix and H~O were combined into a final 
volume of 20 ul. A sequencing PCR reaction was run (95 C for 10 sec, 50'C for 5 sec, 60'C for 4 
min, 30 cycles) and the PCR product was purified using Biorad Micro Bio-Spine Chromatography 
P-30 Column. The cleaned samples were then submitted to Gene Technologies Lab where they 
were run out on a sequencing gel. 
To o TA Clonin eof PCR Fra ments Invitro en ¹K4500-01 
dTR containing PC R fragments were obtained from dog genomic DNA(C lontech) using cTR primers 
R1 and F1 (see Fig. 1a and Fig. 7). These fragments were ethanol precipitated in order to clean the 
DNA from the rest of the PCR mix. Then, following the TOPO TA Clonings protocol, 4ul of purified 
PCR product were mixed with 1ul Salt solution and 1 ul TOPOe vector. The reaction was incubated 
for 5 min at room temperature and 2 ul of the TOPO TA Cloninge reaction was added to One Shots 
E. coli cells. The mix was incubated for 30 min on ice to ensure maximum transformation, then the 
cells were heat shocked for 30 sec at 42'C water bath, without shaking. The transformed cells were 
transferred into 250ul warm LB broth and incubated for 1 hr at 37'C with shaking at -150rpm. All 
250 ul were spread onto LB agar selection plates, which contained 40ug/ml X-Gal, 0. 1mM IPTG, 
100ug/ml ampicillin (Amp) and incubated overnight at 37'C. The white colonies were picked and 
screened by PCR and restriction digestion with EcoRI for the presence of the insert. (see (map of 
TOPO vector]). 
Protein isolation from do effusion sam les 
An aliquot of 1 to 2 ml from each effusion sample was centrifuged (5000xg for 5 min) to obtain a cell 
pellet. The supernatant was discarded and the pellet combined with ice-cold lysis buffer in a 1/4 
ratio. The samples were incubated on ice for 30 min and then centrifuged (12, 000xg for 20 min at 
4 C). Supernatents were aliquoted and stored at-80 C, while some of the protein extract was used 
for the Bradford essay in order to determine protein concentration in the sample. 
Telo eric Re eat Am lification Protocol TRAP 
TS primer was labeled with y-"P-ATP using T4 Polynucleotide Kinase (Promega). The labeled 
primer was then ethanol precipitated to clean the DNA from unincorporated radioactivity. The assay 
was setup following the Intergen Company protocol for TRAPeze assay (¹67700). 10 ng of protein 
extract were used per reaction. Each reaction was doubled up by a heat deactivated sample and 
positive and negative controls were included with each gel. The tubes were first incubated for 30 
min at 30'C, then a 2-step PCR at 94'C /30 sec, 59'C /30 sec for 30 cycles was performed. The 
samples were separated on a 6 A denatunng polyacrylamide gel electrophorisis (600V, 45min). The 
gel was dried and exposed overnight to photographic film. 
RESULTS 
Isolation of cTR 
The bulk of the research efforts were directed on isolating and sequencing of the canine template 
RNA subunit (cTR) gene from a previously isolated canine genomic library clone. The cTR gene 
insert was in SuperCos vector (Stratagene) (see Fig. 2) and has also been subctone into a smaller 
pUC19 plasmid (New England Biolabs) (see Fig. 3). The insert was approximately 5. 5kb in size. 
First objective was to isolate a smaller piece of the insert that contained cTR. The piece had to be 
small enough to be easily sequenced, however large enough to contain both the cTR gene and its 
promoter region, which sequence was also of interest. A variety of four and six base cutting 
restriction enzymes were used to digest the cTR continuing pUC19 plasmid. Using the Southern 
blot technique 1 to 2 kb large pieces that would contain cTR for further work were identified. The 
probe for this experiment was prepared from PCR isolated cTR DNA (see Fig. 4) using TR specific 
primers R1 and F1 (see Fig. 1a). 
ubclonin of UC19 fra ments 
The Southern blot experiments showed abundant hybridization. Two possible candidates were 
isolated: Hae II digested band of 2000 bp and Pst I digested band of 4000bp. Since pUC19 did not 
contain a convenient cloning site for Hae II, the larger size Pst I digested band was subcloned first. 
This 4kb insert was obtained by digesting pUC19 cTR DNA, separating the bands by gel 
electrophoresis and gel purifying the 4kb insert using the Concert~ Rapid Gel Extraction System 
(Life Technologies, 11456-019). The purified insert DNA was then ligated with an opened pUC19 
vector using Fast Link™ DNA Ligation kit (Epicentre, ff LK63050) and transformed into competent 
E. coli following the Promega protocol for transformation. 
Screenin of subcloned UC19 fra ments b PCR and their se uencin 
The isolated clones were found to contain the insert of the appropriate size (see Fig. 5), however 
screening by PCR using several sets of cTR specific primers showed that none of the clones had 
the cTR sequence (see Fig. 6) Several other bands identified through other Southern blot 
experiments were also subcloned, however none of them gave positive results using PCR method. 
Nevertheless a sequencing experiment was attempted. For this the BigDye protocol from ABI was 
used. 
cTR UC 19 and Su erCos libra clone do not contain cTR 
The sequence obtained from the Gene Technologies Lab automated sequencing facility was 
scrambled and showed a very low signal. The conditions of the sequencing reaction were adjusted 
several times and a new set of primers was ordered from Genesys (R3, F3, F4). While the control 
sequencing reaction was now working nicely the subcloned cTR pUC19 DNA didn't gave good 
sequence. After numerous trials with new subclones and varying PC R conditions I decided to use 
dog genomic DNA (Clontech, If6950-1) as a control with my specific cTR primers. I also checked 
the cosmid clone, from which the 5. 5kb insert suspected to contain cTR was isolated. Using PCR 
protocol I checked the cosmid DNA with cTR specific primers R1 and F1 together with a positive 
PCR control (an empty pUC19 with standard M13 primers) and genomic DNA. While the positive 
control and genomic DNA showed bands of appropriate length there was no band in the cosmid 
PCR reaction (see Fig. 7). 
Pre aration of cTR robe from do enomic DNA 
The next goal was to isolate a new clone of cTR from a dog genomic library. However, before 
library screening experiment was performed, a probe had to be constructed that could be used to 
screen the cosmid library for the cTR gene. For this purpose dog genomic DNA was amplified 
using cTR specific primers R1 and F1 (see Fig. 7). The obtained fragment was checked once again 
through PCR using a nestled set of cTR specific primers R1 and F4 (see Fig 1a and Fig. 8). Instead 
of a 250bp fragment that is amplified by the R1/F1 pair, the primer pair of R1/F4 produces a 200bp 
long fragment which is located within the sequence amplified by R1/F'I (see Fig. 1a). This 
experiment also turned out to be positive. Affer receiving satisfactory results from PCR the 
ampbfied fragments were ethanol purified and subcloned into TOPO vector using the TOPO TA 
Cloning kit. 
0 timization the TelomericRe eat Am lificationProtocol TRAP 
Concurrently with cTR probe prepation the second objective of the research roject was pursued. 
Together with Raquel Brown, a veterinary doctor from the lab of Dr. Kenita Rogers I was analyzing 
telomerase activity in canine effusion samples from cancerous and benign tumors as well as 
cancer unrelated conditions, such as heart disease. Currently the conditions of the TRAP assay 
for the effusion samples are being adjusted. However good results from positive controls have 
already been obtained. 
DISCUSSION 
Isolation of cTR 
The subcloning strategy was chosen since it was necessary to obtain the cTR sequence as soon 
as possible. A smaller insert would allow a more rapid sequencing of the cTR gene. The 
hybridization probe was prepared from PCR amplified cTR DNA that was obtained from genomic 
DNA. Several Southern blots were prepared with about 10 different restriction digests on each. 
However, most of the restriction enzymes didn't digest the plasmid very well. Also, especially for 
the second Southern blot the problem of unspecific probe binding was encountered, as practically 
everything on the blot was binding the probe, including the DNA markers. At first a mistake in the 
probe preparation was considered to be the cause of non specific binding. However, when a new 
probe was prepared and the experiment repeated the probe was still binding very unspecifically. 
Thus the problem was not with the mistake in probe preparation but the DNA that was used to 
prepare the probe I am currently working on preparing a more reliable probe for cTR. 
Subclonin of UC19 fra ments 
Southern blot experiments identifed several possible candidates for subcloning. The two most 
likely candidates were Haell 2kb fragment and Pstl 4 kb fragment. However, Haell was not part 
of the multiple cloning site of the pUC19 vector. Also, Haell was a sticky end cutter with a rare 
sequence recognition. Thus, even tough Pstl fragment was substantially larger the the preferred 
length of 1-2 kb this fragment was subcloned. Peti is part of the multiple cloning site and can be 
easily inserted into pUC19. 
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cTR U 19 and u erC s libra clone do not contain cTR 
While both Southern blots showed abundant hybridization, after the transformed DNA was isolated 
and screened for insert cTR gene was not found by PCR, though the isolated plasmids contained 
inserts of the right size. When sequencing of the insert was attempted the sequence turned out 
scrambled, with a very low signal, which is a sign of either poor DNA template or poor primer 
binding. These behaviours of the clone lead me to think that the clone was empty, e. g. did not 
contain the desired cTR sequence, but instead some other part of the dog genomic library. The 
cosmtd and dog genomic DNA were compared by PCR (see Fig7), which showed no signal for the 
cosmid clone, while there was a visible band for the genomic DNA PCR reaction. After this follow 
up analysis it seemed that the dog library clones identified were empty and the probe 
hybridization must have been non-specific. Alternatively a wrong clone could have been picked 
up from the dog genomic library screen. 
Pre aration of cTR robe from do enomic DNA 
Currently I am repeating the experiment, trying to isolate the cTR from a dog library. The 
knowledge of the cTR sequence is necessary to continue my project. I plan to examine dog tissue 
using Northern blot technique to compare the dog telomerase template RNA levels in various dog 
tissues, as well as in malignant samples. The sequence of the dog template RNA gene can also 
be used for comparison with other known cTR sequences in order to analyse how far this gene is 
conserved among mammals. 
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CONCLUSION 
This research project investigates two very important areas. It will allow to better understand the 
role of telomerase in cancerous tumours, as well as research the characteristics of telomerase in 
a new animal model, the dog. It has been suggested that dog is a better telomerase study model 
then the more commonly used mouse, since dog telomerase behaves much more like human 
telomerase, while in mice its expression patterns are significantly different [7]. Upon completion 
my research project will contribute to the basis for developing of a new simple and accurate 
diagnostic test for veterinary patients with cancers. This project will also provide new knowledge 
concerning the relationship between telomerase, tumour genesis and cellular aging in mammals. 
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5'end- cgcgctgtttttctcgctgactttcagcgggcggaaaagcctcggcct 
gccgccttccaccgttcagtctagagcaaacaaaaaatgtcagccgct 
— — ---------Fl- — — — ---- — 
-& 
-----------F4--------& 
ggctcgctcacctctcccgggaacctgcggtggtccgcccgcccagcc 
ccagtgccccgcctgaggccgcggtcggcccggtgcttctccggaggt 
gtccattgccgccgtgaagagttgggctctgtcaaccgcgggtcgctc 
ggtggggccgaggcatggctgtaaccgcagggaaaggaacggagtggg 
— — — — — — — — — Rl — — — — — — — — —— 
— — — — — — — — — — R3- — — — — — — — — & 
gtccccgcgcgcggtgcgcttccctgagctgtgggaattgcaccc — 3' end 
Known sequence of canine teiomerase RNA subunit (cTR). Sequence 
specific primers are shown. The distance between R1 and F1 is ca. 
250 bp. The distance between F4 and R1 is ca. 200 bp. R3 was used 
for sequencing out to the 3' end. (2) 
GGGTTGCGGA GGGTGGGCCT GGGAGGGQTG GTGGCCATTT TTTGTCTAAC CCTAACTGAG AAGGGC GTA 
bovine QA GGGTGGGCCC CQGGTTQGTG GCAGCCATTT CATATCTAAC CCTAATTGAG ACAGGC GTA 
canine 
human GGCGCCGTGC TTTTGCTCCC CGCGCGCTGT TTTTCTCGCT GACTTTCAGC GGG CGQAAA AGCCTCGGCC 
bovine GGCGCTGTGC TTTTGCTTAC CGCGCGCTGT TTTTCTCGCT GACTTTCAGC GGG CGCAAA AGCCTCGGCC 
canine CAGC GGG CGGAAA AGCCTCGGCC 
human 
bovsne 
canine 
hulM n 
bovine 
canine 
TGCCGCCTTC CACCGTTCAT TCTAGAGCAA ACAAAAAATG TCAGCTGCTG GCCCGTTCGC CTCCCGGG 
TACCGCCATC CACCATCCAG TCTGCAACAA ACAAAAAATG TCAGCCGCTG GCTCGCTCAC CTCTCCCGGG 
TGCCGCCTTC CACCGTTCAG TCTAGAGCAA ACAAAAAATG TCAGCCGCTG GCTCGCTCAC CTCTCCCGGG 
GACCTGCGGC GGGTCGCCTG CCCAGCCCCC GAACCCCGCC TGGAGCCGCG GTCGGCCCQG GGCTTCTCCG 
AACCTGCGGT GGTCCGCCCG CCCAGCCCCA GTGCCCCGCC TGAGGCCGCG GTCGGCCCGG TGCTTCTCCG 
AACCTGCGGT GGTCCGCCCG CCCAGCCCCA GTGCCCCGCC TGAGGCCGCG GTCGGCCCGG TGCTTCTCCG 
human GAGGCiiCCCA CTGCCACCGC GAAGAGTTGG GCTCTGTCAG CCGCGGGTCT CTCGGGGGCG AGGCCGAGGT 
bovine GAGGTGTCCA TTGCCGCCGT GAAGAATTGG GCTCTGTCAG CCGCGGGTCG CTCGGTG GGCCGAGGC 
canine GAGGTGTCCA TTGCCGCCGT GAAGAGTTQG GCTCTGTCAA CCGCGGGTCG CTCGGTGG GGCCGAGGC 
human 
bovine 
cansne 
TCACCGTTTC AGGCCGCAGG AAGAGGAACG GAGCGAGTCC CGCCGCGGCG CGATTCCCTG AGCTGTGGGA 
ATGGCTGTTA CCGCAGGGAA AGGAACGGAG TGQGGTCCCC GCGCGCGGTG CGCTTCCCTG AGCTGTGGGA 
ATGGCTGTAA CCGCAGGGAA AGGAACGGAG TGGGGTCCCC GCGCGCGGTG GCTTC~TQTQGQA 
human CGTGCACCCA GCACTCGGCT CACACATGC 
bovine CTTGCACCCG QGACTCQGCT CAGACATCC 
canine 
Figure l. Alignment nl' telomcrase DNA (TER) suhimits from human, bnvinc nnd canine PER pnmers used io 
amphty the canine sequence are indicated by underhning, The T and 3 teimmal segiicnccs l ir the camne ltNA will 
be deicrmined when obtain a full-length clone of the gene is available. 
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Figure 2: 
Stip8fCOS 1 
Coernid Vector 
T. s ks 
SamH I 
ISB I 
EcoR I 
The SuperCos1(Stratagene) vector was 
used for the dog genomic library. From 
this vector the insert was subcloned into 
puc1 9 for purposes of sequencing. EcoR1 
restriction sites were used to isolate the 
insert and to subclone it into puc19. 
Figure 3: 
The pUC 19 vector 
(New England Bio(ebs) 
was used extensively 
as a sub cloning vector 
for cTR insert. The 
multiple cloning site 
(MCS) of the plasmid 
is depicted below. 
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Figure 4: 
In earlier experiments I was able to isolate fragments of 
expected size (250bp) for probe preparation using PCR. 
Lane 1 contains a 100bp ladder, while lane 2 and 3 
contain PCR reactions using isolated dog TR DNA and 
specific dTR primers R1 and F1. 
Figure 5: 
The subcloned Pst I fragment was 
analyzed using restriction enzyme 
digest. The pUC19+ insert plasmid 
was digested with Pst I. The upper 
band is the insert, which is 4 kb 
in size. The lower band is pUC19 
which is 2. 7kb in size. This gel 
electrophoresis shows that the 
ligation and transformation 
reactions were successful. 
Figure 6: 
The pUC 19 + Pstl insert plasmid 
was checked by PCR using cTR 
specific set of primers Rt/F1. 
Multiple bands that are observed on 
this gel show that there was no 
specific primer binding dunng the 
reaction. A strong band in the 100 bp 
region points to primer dimers. This 
gel shows that, while the 
transformation experiment was 
successful the insert that was 
transformed into pUC 19 did not 
contain cTR. 
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Figure 7 
PCR reaction was performed using genomic DNA (lane3) 
and cosmid dTR clone DNA(lane6) using dTR Foiwar1 and 
Reverse1 primers, as well as on an empty puc1 9(lane5) 
vector using standard M13 forward and reverse primers as 
a PCR control. The control lane (lane 5) shows a bright 
band(B), thus PCR worked. There is a fainter band(A) for 
genomic DNA, which is 250 bp in size, as expected for this 
set of primers. However the cosmid PCR reaction doesn' t 
show any band. This means that the cosmid done pulled 
from the library doesn't contain dTR. Lane 1 contains a 
50bp DNA ladder (Biorad). 
Figure 8; 
PCR reaction was perfomed on the isolated 
dTR PR product, which was obtained using dog 
genomic DNA and specific dTR primers. 
This reaction was done in order to ensure 
that the fragment isolated was indeed dTR. 
In lane 3 the reaction was repeated using 
dTR F1 and R1 primers, which give a 250 bp 
product, while in lane 4 a new set of primers, F4 
and R1 were used. These primers give a 200 bp 
long fragment. The gel electrophoresris shoed 
CR fragments of the indicated length, proving t 
hat the fragments isolated are dTR. The lower ba 
in the lane 3 is due to primer dimers. 
VITA 
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